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Abstract
Background: The increasing rate of intrapartum cesarean sections is subject of attention and concern as it is
associated with adverse outcomes. Labor dystocia is one of the most frequent indications for cesarean sections
even though there is no consensus on criteria for labor dystocia. Traditionally the progression of labor follows
guidelines based on Friedman’s curve from the mid 1950s. In 2010 Zhang presented a new labor curve and a
dynamic guideline for labor progression based on contemporary research. The main aim of this trial is to evaluate
whether adhering to Zhang’s guideline for labor progression, changes the intrapartum cesarean section rate in
nulliparous women without jeopardising maternal and neonatal outcomes compared to a traditional guide line
called the 4-h action line based on Friedman’s curve.
Methods/design: A multicenter cluster randomized trial including 14 birth care units in Norway is conducted. Seven
units are randomized to use the 4-h action line guideline for labor progression and seven units are randomized to use
Zhang’s new dynamic guideline for labor progression, for all nulliparous women with a singleton fetus in a cephalic
presentation and spontaneous onset of labor at term. Clinical outcomes are compared between the groups. The
determination of the sample size (number of clusters and individuals) is based on a power calculation of intrapartum
cesarean section, which is 9.2% in the study population (p1). Further, we expect that the intrapartum cesarean section
rate will be 6.7% (p2) which is a 25% reduction, when using the new guideline. With a chosen significance level of 0.05,
a power of 80% and p1 = 9.2% and p2 = 6.9%, we should include at least 14 clusters and 6582 individuals.
Discussion: Clinical consequences when using the guideline by Zhang have, to the best of our knowledge, not been
investigated earlier. The results will provide a strong basis to make a qualified decision on whether it is beneficial
to introduce a dynamic labor progression curve in contemporary obstetrics both nationally and internationally.
Trial registration: Clinicaltrials, NCT02221427
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Background
The increasing rate of intrapartum cesarean sections in
high resource countries is subject of attention and con-
cern as it is associated with adverse outcomes for
mother and infant [1]. Intrapartum cesarean sections
that neither benefit mother nor infant should be
avoided. An uncomplicated vaginal birth in nulliparous
women strongly predicts uncomplicated labors and de-
liveries in subsequent pregnancies [2], while intrapartum
cesarean sections are associated with a 50% subsequent
cesarean section rate [3] and adverse outcome for the
mother [4–6] and for the baby [7, 8]. The economic as-
pect of labor is also of importance as an intrapartum
cesarean section is significantly more expensive com-
pared to a spontaneous vaginal delivery [9]. The rate of
cesarean sections for nulliparous women with a single-
ton fetus in a cephalic presentation and spontaneous on-
set of labor at term has increased from 5.7% to 9.2% in
Norwegian hospitals (2000–2012) [10]. The most com-
mon indication for intrapartum cesarean sections is
labor dystocia [11] even if there is no consensus on cri-
teria for the diagnosis.
Labor dystocia is characterized by abnormal slow
progress of labor and is among the most common chal-
lenges of birth care especially in nulliparous women
[12, 13]. When labor progression is assessed to be pro-
longed according to current guidelines, labor dystocia
is primarily treated by amniotomy followed by oxytocin
infusion to augment the contractions of the uterus.
Oxytocin is a potent drug and is classified by the Insti-
tute for Safe Medication Practices in the USA as one of
12 medications which is “bearing heightened risk of
harm” [14]. Even if used correctly, oxytocin is associ-
ated with increased risk of instrumental vaginal deliv-
ery, episiotomy [15], intrapartum cesarean section, low
Apgar score, low pH in neonates and increased risk of
transfer to a neonatal intensive care unit [16]. If aug-
mentation with oxytocin does not lead to adequate ef-
fect, a cesarean section is often performed.
Nulliparous women with a singleton fetus in a ceph-
alic presentation and spontaneous onset of labor at
term are often considered to be low-risk and have con-
siderable potential of spontaneous labor without in-
terventions. Despite this fact, the rate of oxytocin
augmentation in low-risk nulliparous women is unrea-
sonably high. Over the last decade the rate of oxytocin
augmentation has been reported to be from 44 to 75%
in eg Norway, Sweden and Brazil [15, 17–20]. It has
not been proved that the high rates of oxytocin reduce
the cesarean section rate or improve birth outcome for
mother or baby [12, 21].
The labor process is divided in two stages; the first
stage and the second stage. The first stage is divided in
two phases; the latent phase and the active phase. The
latent phase starts when the woman experience regular
and painful contractions until the cervix is dilated four
centimetres. The active phase is defined from a cervix
dilatation of four centimetres until full dilatation. The
second stage is divided in two phases; the descending
phase where the baby’s head is descending towards the
pelvic floor and the expulsion phase where the mother is
actively pushing the baby out [21, 22].
In Norway the guidelines for expected progression of
labor is based on interpretations of Friedman’s curve of
cervical dilatation (Fig. 1), a linear labor progression
curve developed in 1953 [23]. Contemporary research by
Zhang shows that the dilatation of the cervix can be
substantially slower than earlier expected, especially at
an early stage of labor [24, 25] (Table 1).
Labor progression curves
To visualize the progression of labor, the status of the
cervix dilatation is recorded throughout labor on a
graphic curve called a partogram. The partogram is
widely used in Norway and also internationally and facil-
itates that midwives’ and doctors’ can monitor labor pro-
gression, and together with criteria for labor dystocia,
consequently carry out necessary interventions.
In the nineteen fifties Friedman presented the first
progression curve based on examination of 100 nullipar-
ous women (Fig. 1) [23]. In the late seventies, Friedman
presented the curve starting from 2 cm of cervical dila-
tation [26]. Friedman’s curve has been widely adopted
and applied internationally for more than 60 years. The
curve is the basis for what is called a “four-hour action
line” (Guideline F, Fig. 2) which is a guideline to diag-
nose labor dystocia presented by Philpott in 1972 [27].
In 2002 Zhang presented a new labor curve based on
data from 1329 low-risk women [28]. Zhang’s findings
were confirmed in a large cohort of 26,838 women in
2010 (Fig. 1) [24].
A new guideline (Guideline Z, Table 1) for normal
birth progression is developed according to Zhang’s
curve and contemporary research findings [24]. The new
guideline differs markedly from the Friedman’s curve in
that the cervix dilates substantially slower, especially be-
fore reaching six centimetres of dilatation, nor is the dis-
tinct deflection of the curve between nine and 10 cm in
Friedman’s curve found in Zhang’s curve (Fig. 1). These
findings may suggest that the diagnostic criteria for labor
dystocia are too stringent following Friedman’s curve
(Fig. 1). The new guideline also differs from the existing
ones by not expecting a linear progression and by defin-
ing the progression to be normal if the speed of cervical
dilatation is within the 95 percentile.
There is no worldwide consensus on duration of spon-
taneous labor and therefore no consensus on how to
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define labor dystocia. The duration of labor and labor
curve patterns are still subjects of discussion [29]. Clin-
ical consequences when using the guidelines and pro-
gression curve by Zhang have, to our knowledge, not
been investigated with rigorous study design. In this trial
we want to compare the cesarean section rate in nul-
liparous women based on whether they adhere to a
guideline based on Friedman’s progression curve or to
Zhang’s guideline for labor progression, in active labor.
In each case, there will be recorded whether labor dys-
tocia was diagnosed according to the allocated guideline.
Hypothesis
By adhering to the guideline for labor progression pre-
sented by Zhang [24], the rate of intrapartum cesarean
sections in nulliparous women will decrease compared
to adhering to the guideline for labor progression based
on Friedman’s curve [23], without jeopardizing maternal
and neonatal outcomes.
Methods and design
To test the hypothesis, a cluster randomized trial is con-
ducted. Fourteen clusters (birth care units) from all four
health regions in Norway are included. Birth care unit
inclusion criteria: Units willing to adhere to the guide-
lines in the trial period and who consider that they have
the capacity to participate both logistically and practic-
ally. Birth care units with more than 500 deliveries per
year to secure a reasonable inclusion period.
Guideline F = The four hour action line: Guideline
with the following expected labor progression: if the
cervix dilates at least 1 centimetre (alert line) per
hour assessed after 4 hours (action line). Labor
dystocia is diagnosed if progression proceeds slower
than this definition throughout the active phase of the
first stage of labor, i.e. if the action line is crossed.
Labor dystocia in the second stage of labor is
diagnosed if the descending phase lasts longer than
one hour, two hours for women with epidurals or if
the expulsion phase lasts longer than 60 minutes.
This guideline is based on an interpretation of
Friedman’s expected progression of labor (Figs. 1 & 2).
Table 1 Expected time intervals from cm to cm presented in
hours and minutes (50 percentile and 95 percentile) according
to Zhang et al. [24]
Dilation of the cervix 50 percentilea 95 percentilea (dystocia)
From 4 to 5 cm 1 h / 15 min 6 h / 30 min
From 5 to 6 cm 45 min 3 h / 15 min
From 6 to 7 cm 30 min 2 h / 15 min
From 7 to 8 cm 30 min 1 h / 30 min
From 8 to 9 cm 30 min 1 h / 30 min
From 9 to 10 cm 30 min 1 h / 45 min
2. stage without EDAa
Expulsion phase max 60 min.
30 min 2 h / 45 min
2. stage with EDA
Expulsion phase max 60 min.
1 h 3 h / 30 min
Total time without EDA 4 h / 30 min 19 h / 30 min
Total time with EDA 5 h 20 h / 15 min
aEDA (epidural analgesia)
Fig. 1 Labor progression curve in first time mothers presented in cervical dilatation. Zhang [28]. Reprinted with permission from Elsevier and Copyright
Clearance Center (4104651193)
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Guideline Z = Zhang’s guideline: Dynamic guideline
which takes into account the dilatation of the cervix
on admission and calculates the expected progression
during the active phase of the first stage of labor
according to time intervals from cm to cm. Labor
dystocia is diagnosed if the time intervals according
to the 95 % percentile are exceeded. Labor dystocia
in the second stage of labor is diagnosed if the
descending phase lasts longer than one hour and 45
minutes, two hours and 30 minutes for women with
epidurals or if the expulsion phase lasts longer than
60 minutes. This guideline is based on the labor
progression curve by Zhang (Fig. 1 & Table 1).
If labor dystocia occurs, either by crossing the action
line in arm F, or if the time intervals are exceeded in
arm Z, national guidelines for labor arrest will be
followed: If the membranes are not ruptured, an amniot-
omy will be performed, and if there is still no progres-
sion after 1 h, oxytocin will be given. If the water is
already broken, oxytocin will be given at the point of
labor dystocia. The national guideline according treat-
ment of labor dystocia suggest a starting dose of 30 ml/h
(=300 mU/h) of 10 ie oxytocin mixed in 1000 ml intra-
venous fluid and a raise of 15 ml/h (150 mU/h) until sat-
isfactory number of contractions, or until the
maximumdose of 180 ml/h (1800 mU/h) is reached [30].
Individual assessments will of course be made to secure
safe birth care.
Half of the clusters are randomized to adhere to either
guideline F or Z (presented above) in active labor for all
nulliparous women with a singleton fetus in a cephalic
presentation and spontaneous onset of labor at term.
These women are often denoted as group I, according to
the “ten group classification system” (TGCS) published
by Robson [31]. Active labor is defined when the cervical
dilatation is 4 cm or more until the baby is born.
The choice of cluster randomizing, which means ran-
domizing at a hospital level, is due to the risk of con-
tamination if randomized on an individual level. Key
elements to specify regarding allocation of treatment are:
The method of generating the allocation sequence was
computer-generated, the allocation ratio was equal to one,
and the type of randomization was restricted and the fac-
tors “size of birth care unit” and “prior rates of cesarean
sections for nulliparous women with a singleton fetus in a
cephalic presentation, in spontaneous onset of labor at
term” was used for stratification.
The randomization process was performed through a
central computer assisted program. The trial will be con-
ducted according to the CONSORT statement for plan-
ning and implementation of cluster randomized trials [32].
All clusters have read and approved the trial protocol
and signed the cooperation agreement. Each cluster pro-
vides one dedicated person (local coordinator) respon-
sible for the trial during the inclusion period. The local
coordinator is responsible for recruitment and inclusion
of participants, and monitoring the entries in a web-
Case Report Form (web-CRF). Local coordinators will
cooperate with the principle investigator throughout the
study period and must report any challenges to the prin-
cipal investigator.
Enrolment of participants
All women in TGCS group I will adhere to the labor
progression guideline that the cluster (birth care unit) is
Fig. 2 Illustration of the 4 h action line with an alert line (expected progression) and an action line (labor dystocia if crossed) according to Philpott et al. [27]
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randomized to. All nulliparous women planning to give
birth at any of the included birth care units receive
written information about the trial when called for the
second trimester ultrasound examination or at the
labor ward. Eligible women are asked to sign an in-
formed consent permitting her data to be included in
the analyses, and to answer an on-line questionnaire
about her childbirth experience (Childbirth Experience
Questionnaire, CEQ) [33].
Safety assessment
All women in both arms will be cared for and monitored
according to medical guidelines at each birth care unit.
Necessary interventions due to the women’s or the fetus’
needs, will be conducted regardless of the allocated
guideline for labor progression.
Primary endpoint
The rate of intrapartum cesarean sections.
Secondary endpoints
Indications for intrapartum cesarean sections, the rate
of oxytocin augmentation during labor including indi-
cation for initiating oxytocin infusion, cervical dilata-
tion at onset of augmentation with oxytocin and the
total duration of augmentation with oxytocin. Time re-
lated aspects of labor progress including latent phase,
active phase of first stage, latent phase of second stage,
expulsion phase and second stage in total. The use of
epidural analgesia. The rate and mode of fetal monitor-
ing during labor.The rate of: dystocia, instrumental va-
ginal deliveries, episiotomies, anal sphincter injuries,
women with post partum hemorrhage (< 500 ml, 500–
1000 ml, and > 1000 ml), blood transfusions, children with
Apgar score ≤ 7 after 5 min, children with umbilical cord
pH ≤ 7.05 and ≤ 7.0 and Base Deficit > 12 mmol/l, trans-
fers of neonates to the Neonatal Intensive Care Unit in-
cluding indication for transfer. Women’s experience with
birth care will be investigated using “The Childbirth Ex-
perience Questionnaire, CEQ” [33] which will be sent to
each participant approximately 4 weeks after discharge.
Web-case report form
Due to different systems for electronic medical records
and due to additional handwritten records, a web based
Case Report Form (web-CRF) has been designed by the
Unit of Applied Clinical Research at the Faculty of
Medicine, the Norwegian University of Science and
Technology, NTNU [34] customized for this study. The
web-CRF is transferable to the analytical tools; STATA
and SPSS. Local coordinators at all clusters have access
to the web-CRF which contain boxes for all required in-
formation. The system is 100% traceable which allows
access to all corrections with dates and signatures.
The Childbirth Experience Questionnaire (CEQ)
To investigate possible differences in birth experience be-
tween the two groups, women’s experiences of birth care
will be surveyed. The CEQ is a multidimensional validated
instrument to evaluate women’s experience with birth care
[33] and is distributed to participating women.
The LAPS research group has obtained permission
from the developers of the CEQ to use it in this study.
All women who have entered their e-mail address on the
consent form will receive an e-mail with an online login
ID to answer the web-based questionnaire. The online
version of the questionnaire is developed at the Depart-
ment for Research Computing (USIT), the University of
Oslo, Norway [35] and the data are stored at the Ser-
vices for Sensitive Research Data at the same unit.
Implementation
The local coordinators appointed at each participating
birth care unit will strive to ensure that the units adhere
to the allocated guideline. The local coordinators are
also responsible for assuring that data entered into the
web-CRF are complete, accurate, and that entry is per-
formed in a timely manner. The signature of the local
coordinators will attest to the accuracy of the data on
each web-CRF.
Data will be recorded both in the electronic medical
record and on paper when it comes to the partograms
by the midwife responsible for the birth. Consecutive as-
sessments recorded electronically throughout labor and
assessments recorded on the printed version of the par-
togram will be transmitted to the web-CRF by the local
coordinators at each birth care unit. Assessments to be
recorded throughout labor are: Cervix status on admission
(in centimetres), results of regularly vaginal exploration,
use of oxytocin, pain relief and additional interventions.
The records of each participant will clearly describe:
 That the woman is participating in the trial by
including the enrolment number and the
cluster code
 A statement that she signed the Informed
Consent form
 Results of assessments confirming her eligibility
for the trial
The principal investigator will be available to the local
coordinators and birth care units throughout the trial
period to follow up and assist the local coordinators
when needed.
The principal investigator will administer and monitor
the childbirth experience questionnaire, by ensuring that
all registered e-mail addresses receive a CEQ-survey, a
reminder and keeping control of incoming surveys.
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Statistical methods and data analysis
The determination of the sample size (number of clus-
ters and individuals) is based on a power calculation
with the least occurring outcome; intrapartum cesarean
section, which is 9.2% in the study population (p1). Fur-
ther, we expect that the intrapartum cesarean section
rate will be 6.7% (p2) which is a 25% reduction, when
using the new guideline. Formula (4) on page 320 in the
article by Hayes et al. [36] is used to calculate the
needed number of clusters and participants. According
to this formula, with a chosen significance level of 0.05,
a power of 80% and p1 = 9.2% and p2 = 6.9%, we should
include at least 14 clusters and 6582 individuals. The de-
sign allows flexibility, so that larger birth care units may
contribute with more study subjects than smaller units.
The difference between the randomized groups will be
presented with a Risk Ratio (RR) and a 95% confidence
interval (95% CI). For dichotomous efficacy variables a
significance test taking into account the cluster structure
of the data, will be used [37]. For continuous data inde-
pendent sample t-tests and parametric tests will be used
when appropriate. Statistical analysis will be conducted
using STATA version 10.1 StataCorp, Texas, //845 USA
and SPSS version 18. The analyses will be conducted
according to the principle of intention-to-treat.
Publication policy
When the quality control of the data is conducted, the
production of articles will commence. All personnel who
have contributed significantly with the planning and per-
formance of the study according to the Vancouver con-
vention 1988 may be included in the list of authors.
Ethical and regulatory requirements
The trial is and will be conducted in accordance with
ethical principles that have their origin in the Declar-
ation of Helsinki and are consistent with Good Clinical
Practice and applicable regulatory requirements. Regis-
tration of participant’s data will be carried out in accord-
ance with national personal data law. The protocol,
including the patient information and informed consent
form to be used, is approved by the Regional Committee
for Medical and Health Research Ethics: 2013/1862/REK
South-East. The principal investigator is responsible for
informing the ethics committee of any serious and unex-
pected adverse events and/or major amendments to the
protocol as per national requirements.
The protocol has been approved and signed by the
management at the birth care units before commence-
ment of the trial. The protocol was registered in
www.clinicaltrials.gov before enrolment of participants
NCT02221427.
Discussion
Even if there is no consensus on how to define labor
dystocia, slow progress or arrest is one of the most
common indication for intrapartum cesarean sections
[11]. Assessment of labor progression is therefore of
interest to improve labor care [38]. In this multicenter
cluster randomized trial we aim to evaluate if adhering
to a dynamic labor progression curve will change the
rate of intrapartum cesarean sections compared to ad-
hering to a linear progression curve in active labor for
nulliparous women. Nulliparous women with a single-
ton fetus in a cephalic presentation and spontaneous
onset of labor at term, TGCS group I, are included.
TGCS group I represents the majority of all nulliparous
women (approximately 70%) including all categories re-
garding age, height weight or conditions. This wide in-
clusion of participants represents a pragmatic approach
to the design which allows a strong generalizability to
the population in general.
This present study is already well established at all 14
included clusters. It’s a challenge to secure that all clus-
ters adhere to the allocated guideline, hence; it is of
great importance to strengthen the process by continu-
ously follow up the implementation at all sites with
guidance and teaching. Drop outs will be recorded to
document if eligible women are not included in the
study and reason for drop out.
The foundation of knowledge derived from this study
may provide a strong basis to make a qualified decision
on whether it is beneficial to introduce a dynamic labor
progression curve in obstetrics both nationally and in-
ternationally. Knowledge about labor progression as a
dynamic process will lead to correct diagnosis and better
management of an actual prolonged labor, which in
turn may lead to a decrease in unnecessary interven-
tions, which will benefit the population both medically
and economically [9, 39]. The results from this study
may give the basis for developing a new dynamic guide-
line for labor progression in the electronic obstetric
record systems.
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